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Surveys of the impact of stem-boring insects were carried out across 14 Flooded Gum Eucalyptus 
grandis plantations in the New South Wales North Coast bioregion. This paper reports on novel 
observations made during this work of the Bleating Tree Frog Litoria dentata seeking refuge in cossid 
moth galleries. On four occasions, frogs were found in Giant Wood Moth Endoxyla cinereus galleries, 
which occurred in more than 10% of trees in the entire study.The incident of damage caused by a 
second cossid species, the CulamaWood Moth Culama australis was far lower (0.2%), with only one 
frog observed in a gallery excavated by this species.These structures make reasonable retreat sites 
for arboreal frogs because they are generally inaccessible to larger predators by being located off the 
ground and having narrow entrances. 
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Introduction 

The Bleating Tree Frog Litoria dentata Keferstein 
(Anura: Hylidae) is a small amphibian that occurs 
along the slopes of the Great Dividing Range and 
coastal areas from southern Queensland (Tyler and 
Knight 2011) to East Gippsland, Victoria (Gillespie 
and Kum 2011). They are found in a variety of habitats, 
including wet and dry sclerophyll forest, rainforest 
(Cogger 2014), open woodland (Ferraro and Burgin 
1993) and urban areas (White and Burgin 2004). 
This species usually breeds in ephemeral swamps and 
lagoons following spring and summer rainfall (Greer 
and Mills 1998; Anstis 2002). Despite being locally 
common (Hero et al. 2006), the Bleating Tree Frog has 
been subject to few studies, with limited information 
available on its basic biology. 

Tree frogs (genus Litoria) exploit a variety of natural and 
artificial retreat sites. Gibbons and Lindenmayer (2002) 
list seven Australian species as using tree hollows; while a 
further 17 species are recognised as potential hollowmsers, 
including the Bleating Tree Frog. Exfoliating bark also 
provides arboreal shelter during the day (Barker et al 1995; 
Bilusich et al 2009). Tree frogs have also been recorded 
beneath rocks (Gillespie and Hollis 1996; Murphy 1997; 
Heard et al 2008) and timber debris (Lunney and Barker 
1986; Murphy 2008) or in rock crevices (Reynolds 
2005; Doughty and Anstis 2007). Some species seek 
shelter nestled amongst ground vegetation (Pyke and 
White 2001) or leaf litter (Parris 2001), whilst others 
remain camouflaged in exposed positions during rest (Mo 


2015). Artificial microhabitats include toilet blocks and 
rainwater tanks (Watson and Gerhardt 1997; Wabnitz et 
al 2009; Mo 2014). 

While an immature eucalypt plantation is unlikely to 
have many of the retreat opportunities mentioned above, 
the susceptibility of plantation trees to native steim 
boring insects may present a unique opportunity for tree 
frogs. Flooded Gum Eucalyptus grandis occurs naturally 
along the east coast of Australia between Atherton, 
Queensland, and Newcastle, New South Wales (NSW) 
(Arnold et al 1996), and is cultivated in plantations 
within this range (Turner and Lambert 1983; Cromer 
1993). This species, however, is susceptible to damage 
from cossid moths (Family Cossidae) (King and Lawson 
2005; Carnegie et al 2008; Debuse and Lawson 2010; 
Nichols et al 2010). Notably, the larvae of the Giant 
Wood Moth Endoxyla cinereus excavate galleries into tree 
trunks (Fig. 1), apparently targeting regions of smooth 
bark (Mclnnes and Carne 1978). This paper reports on 
incidental observations of Bleating Tree Frogs exploiting 
cossid galleries in the NSW North Coast bioregion. 

Methods 

The observations reported here were made during 
fieldwork between July 2012 and October 2013 for a 
broader project, which focused on the impact of stem 
defect agents in Flooded Gum plantations in north' 
eastern NSW (Lawson et al , unpubl. data). 
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sedges, ferns and wattle (6 sites), or by the exotic weeds 
Lantana Lantana camara (3 sites; Fig. 4) and Camphor 
Laurel Cinnamomum camphora (2 site). Except for the 
Collombatti plantation, all sites had water bodies, with 
streams flowing through the site or beside rivers (43% of 
sites), farm dams (5% of sites) and ephemeral pools (22% 
of sites) in valleys below the plantations. 

Field surveys 

Twenty-one circular plots of 10 trees were assessed for 
damage by stem defect agents, providing a sample size 
of 210 trees per site. These plots were selected from 45 
random points that were generated using Geospatial 
Modelling Environment (Beyer 2014). Field surveys 
targeted both cossid moths and longicorn beetles (Family 
Cerambycidae); however this paper only focuses on 
excavations made by the former. These were identified 
by a number of characteristic signs: an accumulation of 
coarse frass at the base of an affected tree, a tent-like cap 
of frass over an entrance hole, swelling in the tree trunk, 
and/or a prominent emergence hole in disused galleries 
(Carnegie et al 2008). 

The number of trees exhibiting cossid galleries within 
the lower 4 m of the trunk was recorded. Suspect cossid 
damage was exposed by gently removing decomposing 
wood with a screwdriver and the identity of insect taxa 
was confirmed by observing the structures beneath. For 
disused galleries, a 210-lumen torch was shone into 
the main chamber enabling the main chamber to be 
viewed for other fauna, including frogs (Fig. 5). The 
limitation of this method was that parts of the gallery 
were not viewable (e.g. the tunnel formerly occupied 


Table I. Summary of study sites. 

Extent of vegetation: ext = extensive, mod = moderate, min = minimal 


Site 

Location 

Plantation 
area (ha) 

Vegetation between 
plantings 

Survey dates 

Argents Hill 

S-30.6373, El52.7477 

13.4 

none 

17-18 December 2012, 10-12 
February 2013 

Bexhill 

S-28.7470, El53.3710 

20.0 

Lantana (ext) 

8-10 February 201 3 

Birdwood 

S-31.3671, El52.3260 

48.9 

Native (min) 

17-19 August 2012, 9 October 
2013 

Bucca 

S-30.1417, El53.1021 

12.6 

Camphor Laurel (ext) 

18-20 October 2012 

Collombatti 

S-30.9940, El52.8007 

47.7 

Native (min) 

20-21 November 2012 

Coraki 

S-28.9668, El53.2085 

29.8 

none 

26-28 July 2012 

Coutts Crossing 

S-29.8700, El52.9333 

12.3 

none 

17-18 February 201 3 

Eungai Rail 

S-30.8486, El52.8921 

17.1 

Native (min) 

12-14 December 2012 

Geneva 

S-28.6428, El52.9594 

20.7 

Lantana (mod) 

29-30 July 2012 

Hollisdale 

S-31.3961, El52.5408 

12.8 

Lantana (ext) 

14 August, 11-12 December 
2012,7-8 October 2013 

Kew 

S-31.6164, El52.7309 

35.8 

Native (mod) 

14-16 August 2012 

Lawrence 

S-29.497 l,EI 53.1400 

16.2 

Native (mod) 

1-2 August 2012 

Lowanna 

S-30.2010, El52.9231 

17.3 

Native (mod) 

21-23 October 2012 

Nana Glen 

S-30.1019, E 153.0149 

27.4 

Camphor Laurel (ext) 

15-17 December 2012 


• a 



Figure I. A disused Giant Wood Moth Endoxyla cinereus 
gallery on an immature Flooded Gum Eucalyptus grandis 
(13.4 cm DBH). Photo, M. Mo. 


Study sites 

Visits were made to 14 Flooded Gum plantations between 
Taree and Byron Bay (Table 1; Fig. 2). All the sites 
were first-rotation plantations, 10-15 year old, that 
had been established on cleared agricultural land on 
undulating terrain. Three sites were well-maintained 
with no vegetation between the tree plantings (Fig. 
3). Others were inundated by stands of native grasses, 
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Figure 2. Locations of the 14 study sites in the NSW 
North Coast bioregion. 



Figure 3. Flooded Gum Eucalyptus grandis growing in a 
first-rotation plantation in Coraki.This site is an example 
of a plantation with no understorey growth. Photo, M. Mo. 



Figure 4. A plantation in Hollisdale, which has an extensive 
understorey of Lantana Lantana camara. Photo, M. Mo. 


by the pupa). Cossid galleries that had been opened up 
by feeding cockatoos (Mclnnes and Carne 1978) were 
also recorded (Fig. 6). These represent retreat sites that 
are not usable by frogs because the cavity spaces have 
been exposed. 

Results 

Incidence of cossid damage 

Giant Wood Moth galleries were found in 12.9% of trees 
in the entire study (n = 2,940). Incidence at each site 
ranged from eight (4%) to 51 (24%) affected trees (n 
= 210) (Table 2). Most affected trees exhibited only a 
single gallery, although at least one fifth of affected trees 
suffered multiple attacks. Moth galleries seldom exhibited 
emergence holes wider than 2 cm (Fig. 1). In others, the 
internal structures were exposed by feeding cockatoos 
(Fig. 6). The damage caused stems to be completely 
snapped off in a minority of cases. The proportion of 
galleries opened up by cockatoos varied between sites (Fig. 
7). The highest incidence was found at Nana Glen, where 
85% of galleries had been opened up. Cockatoo-damaged 
galleries comprise more than 50% of galleries in five other 


sites (Argents Hill, Bexhill, Collombatti, Coutts Crossing 
and Lowanna). No evidence of cockatoo damage was 
observed at two sites (Coraki and Kew). 

Incidence of damage caused by a second cossid, the 
Culama Wood Moth Culama australis (Table 2; Fig. 
8) was far lower. This was observed on three trees 
in Coraki and two trees in Eungai Rail (0.2%, n = 
2,940 trees). In two cases, pupae were discovered upon 
probing beneath decomposing bark. The most extensive 
gallery was recorded in Coraki, which occupied half 
the circumference of the tree (162 cm) and 112 cm of 
height. The remainder occurred on smaller trees with 
damage heights ranging between 50 and 90 cm. 

Observations of retreating frogs 

Seven Bleating Tree Frogs, all adult sized (>3 cm, snout- 
vent length) were observed using cossid moth galleries 
during the study (Table 2). There were four Giant Wood 
Moth galleries occupied by frogs; three at Coraki (26, 28 
July 2012) and one at Hollisdale (11 December 2012). In 
one of these, at least three frogs were observed clinging 
vertically to the back wall of the main chamber.. The 
other galleries each contained one frog. 
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Frogs exploited 14% of available Giant Wood Moth 
galleries in Coraki, and 2% in Hollisdale (Fig. 9). 
None of the galleries in Coraki were damaged by 
cockatoos; however cockatoo damage in Hollisdale 
reduced the availability of suitable galleries by 33%. In 
all observations of retreating frogs, the galleries were 
between 1.3 and 1.6 m off the ground, and moisture was 
observed on the walls of the galleries. 

Culama Wood Moth galleries were far less common 
(Table 2), and only one frog was observed retreating 


Tunnel where 
pupa spends 
most of its 
development 




Emergence 
hole of moth 


Entrance hole, 
also used as 
waste disposal 
by moth grub 




Figure 5. A diagrammatic cross section of a Giant Wood 
Moth Endoxylo cinereus gallery, illustrating the physical 
limitations of examining the structure externally by the 
emergence hole. Only the side and back walls of the main 
chamber can be effectively viewed. 


in one of these (Fig. 10). The observation was made in 
Coraki on 28 July 2012, in the large gallery described 
above (Fig. 8). The frog was discovered upon peeling 
away soft necrotic bark off the gallery site. It was 
located at the top right-hand corner of the gallery, 
below a section of live bark. The frog was facing 
downwards with its head lifted off the wood surface, 
so presumably it was disturbed from a resting posture 
during peeling. The cavity width where it was found 
was between 7 and 11 mm. 



of = 14.5 cm 


Tunnel where 
pupa spends 
most of its 
development 


Figure 6. A rough transverse section of a Giant Wood 
Moth Endoxylo cinereus gallery made by a cockatoo 
extracting the pupa, showing the main chamber and the 
tunnel that the pupa resided in. Photo, M. Mo. 


Table 2. Incidence of trees affected by Giant and Culama Wood Moth galleries, and cockatoo attack at 14 study sites. 
The number of galleries occupied by frogs is also provided. 



Giant Wood Moth 


Culama Wood Moth 


No. affected trees (%) 

No. opened up by cockatoos 

No. affected trees 

Argents Hill 

33 (15.7) 


22 

0 

Bexhill 

37 (17.6) 


27 

0 

Bird wood 

51 (24.3) 


2 

0 

Bucca 

17(8.1) 


8 

0 

Collombatti 

39 (18.6) 


21 

0 

Coraki 

21 (10.0) 


0 

3 

Coutts Crossing 

33 (15.7) 


20 

0 

Eungai Rail 

35 (16.7) 


16 

2 

Geneva 

18 (8.6) 


2 

0 

Hollisdale 

48 (22.9) 


16 

0 

Kew 

8 (3.8) 


0 

0 

Lawrence 

10 (4.8) 


1 

0 

Lowanna 

10 (4.8) 


7 

0 

Nana Glen 

17(8.1) 


17 

0 
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Discussion 

The novel observations presented in this paper describe 
a form of refuge for Australian arboreal frogs not 
previously reported. Natural hollows in eucalypt 
trees may require between 100 and 400 years to form 
(Ambrose 1982), so would be expected to be absent or 
occur at very low rates in 30-year rotation plantations. 
Cossid galleries may represent a practicable substitute to 
natural hollows for small vertebrates such as tree frogs in 
these anthropogenic settings. 

The results of this study suggest that although the 
exploitation of cossid galleries by frogs may be infrequent, 
cossid galleries may make reasonable retreat sites for a 
number of reasons, including their defensive properties. 
Not only are these structures located off the ground, 
they possess narrow entrances, typically on smooth 
bark, making internal chambers inaccessible to larger 
predators. Birds and most mammals are unable to prey 
on the sheltered frogs unless excavation is undertaken. 
In addition, the more centrally located position of Giant 
Wood Moth galleries possibly offers superior protection in 
the event of wildfire than cavities beneath exfoliating bark 
or Culama Wood Moth galleries. 

Like natural hollows, Giant Wood Moth galleries act 
as a point of water collection (Ambrose 1982; Jenkins 
and Kitching 1990), which could make them more 
attractive to frogs than sheltering beneath exfoliating 
bark. In addition, the entrance hole bored by the 
pupa potentially provides a small outlet for water, 
offsetting stagnation. Being semi-enclosed, Giant Wood 
Moth galleries, like tree hollows, are likely to have a 
higher relative humidity than ambient surroundings 
(McComb and Noble 1981), and be buffered from 
temperature fluctuations and extremes, which may be 
beneficial to frogs in hot or dry climates (Gibbons and 
Lindenmayer 2002). 

The low incidence of trees affected by Culama Wood 
Moth was unexpected. Flooded Gum is known to be 
highly susceptible to their attacks, especially pure stock 
(Carnegie et al 2008). Despite its scarcity, this gallery 
type is available to frogs irrespective of the moth larval 
stage. The Giant Wood Moth pupa bores its emergence 
hole only at the end of its stay in the gallery (Mclnnes 
and Carne 1978), so these galleries are not accessible to 
frogs until this time. In contrast, Culama Wood Moth 
galleries are never fully enclosed and numerous larval 
stages may be present at any time (Carnegie et al 2008). 
These galleries are more vertically compressed and 
their use by frogs may more closely resemble retreating 
beneath exfoliating bark. 

Unless a tree affected by a Giant Wood Moth gallery 
dies, frogs have a limited period of time in which to 
exploit the structure. The time period for Flooded 
Gum to recover from a Giant Wood Moth attack is 
not known at present, however an unaffected tree 
was re-examined 14 months later and found to carry 
a healed emergence hole (pers. obs). This isolated 
observation suggests that within this time frame, a tree 
may house a pupa and mostly complete healing. In this 



Figure 7. Number of trees affected by Giant Wood Moth 
galleries at 14 study sites, including the proportion of 
those damaged by cockatoos. 



Figure 8. An incidence of damage caused by a Culama Wood 
Moth Culama australis recorded in Coraki, and a pupa exposed 
from its chambers in Eungai Rail (inset). Photos, M. Mo. 
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Total trees with GVW1 galleries 

Trees with intact GWM galleries 

Trees with GWM galleries occupied byretreating frogs 

Total trees with CWM galleries 

Trees with C\NM galleries occupied byretreating frogs 



□Coraki 
□ Hollisdale 


0 5 10 15 20 25 


Percentage (%) 

Figure 9. Incidence of Bleating Tree Frogs Litorio dentata 
retreating in Giant (GWM) and Culama Wood Moth 
(CWM) galleries in Coraki and Hollisdale, and the 
availability of these structures. 


case, the empty pupal case was enclosed between the 
healed bark, indicating the speed of recovery. 

There has been some concern for the persistence of 
vertebrate fauna in plantation areas (Lindenmayer and 
Hobbs 2004; Kanowski et al. 2005), particularly reductions 
in opportunities for retreat sites and other ecological 
needs in a landscape monoculture. The observations in 
this paper add to the study of arboreality in Australian 
frogs (Gibbons and Lindenmayer 2002), confirming the 
use of tree cavities in the Bleating Tree Frog. Despite the 
threat cossid moths pose to the market value of timbers, 
their presence in production estate offer potential benefits 
to tree frogs and other fauna. 



Figure 10. A BleatingTree Frog Litorio dentoto discovered 
behind the necrotic bark of a Culama Wood Moth gallery 
Photo, M. Mo. 
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